Cheese whey, is a byproduct of cheese or dairy industry, as raw material for ethanol production, because it contains 4.8% of lactose. This study used Fed-batch process during fermentation. The advantage of this process is to prevent the reduction in substrate for fermentation. The aim of this study is examine the optimum temperature operating conditions on ethanol production through fed-batch fermentation using Kluyveromycess marxianus with variations of temperature 30 
Introduction
Whey is the aqueous fraction of milk generated as a by-product of cheese manufacturing. Approximately 9 kilograms of whey are produced in the manufacture of 1 kilogram cheese. Worldwide production of whey is of the order of 130 million tonnes per year, with cheese production increasing at a year rate of about 3%. This could have a negative effect for environment if the whey is not treated before discharge to the environment, exhibiting a COD value 60,000 -80,000 ppm [1] .
Whey can be utilized as animal feed, food production, and alcohol drink [2, 3] . According to the past research, cheese whey is raw materials for ethanol production, since it contains lactose [4, 1, 5, 6] . Lactose contained in whey is 4.5-5%. [1, 7, 6] . Lactose is one of carbon source for ethanol production with fermentation microorganisms, in this case the type of yeast microorganisms, especially Kluyveromyces marxianus, very necessary in the ferment lactose to ethanol process [8, 9] .
Fermentor can be used for ethanol fermentation with batch and fed-batch operation mode. For fed-batch fermentor, the feeding substrat is periodically during fermentation and one of method that is widely use in industry. The other study showed that fed-batch offers many advantages compared to the batch system, such as this process can prevent decreasing substrate during fermentation. The result of productivity of enzyme β-galactosidase with fed-batch system better than batch system [10, 11, 12] .
Improved ethanol fermentation activity can be achieved by controlling various parameters. The parameters effect of fermentation are temperature, pH, and substrate consentration. However, the adjustment of pH sometimes difficult to do during fermentation. The other parameters is substrate. In this study, whey is used as substrat. The contain of lactose in whey is 4.5-5% [1, 7, 6] . Because the content of lactose in whey is already in the range of values, so it is difficult to be varied. The aim of this study is examine the optimum temperature operating conditions on ethanol production through fed-batch fermentation using Kluyveromyces marxianus with variations of temperature (30 0 C, 35 0 C, 40 0 C) respectively.
Material and method

Yeast strain
Kluyveromyces marxianus strain from the collection of the Center of Biomass and Renewable Energy, Chemical Engineering, Diponegoro University (Indonesia), was the yeast strain employed in the experiments. This strain was supplied by Gadjah Mada University (Food and Nutrition Department), Indonesia. Cells of this yeast were maintained at 4 o C on potato dextrose agar (PDA) sterilized plates.
Culture medium
Cheese whey (without treatment) used as culture medium was collected from PT. Bukit Baros Cempaka cheese industry in Salatiga, Central Java, Indonesia. Whey contained 4.8% lactose and it was stored at temperature of 2-5 0 C. Cheese whey was fortified 0.1% yeast extract.
Inoculum preparation
Cheese whey (without treatment) used as culture medium was collected from PT. Bukit Baros Cempaka cheese industry in Salatiga, Central Java, Indonesia. Whey contained 4.8% lactose and it was stored at temperature of 2-5 0 C. Cheese whey was fortifed 0.1% yeast extract.
Fermentation
Analytical method
The biomass was estimated in dry weight basis. The yeasts were harvested by centrifugation for 30 min at 1000 rpm and washed with distilled water and weighed after 2 hours at 50 0 C. Lactose concentration is estimated using DNS methods and ethanol were estimated by using potassium dichromate method.
Result and discussion
In searching for the optimum conditions of ethanol concentration with Kluyveromyces marxianus in fed-batch system presented here, we studied the effect of fermentation parameters. In addition to substrat concentration and pH, temperature is also a key factor that affects ethanol fermentation. In this study changes in ethanol and biomass concentration were investigated to estimate the productivity of ethanol with changes in temperature. This was examined at temperatures 30 0 C, 35 0 C, and 40 0 C, and initial pH 4.5. Initial concentration of whey was 4.1% and 0.1% yeast extract.
Ethanol concentration with temperature variations is presented in Figure 1 , while the biomass concentration obtained during the fed-batch fermentation in temperature variations is presented in Figure 2 . shows results of the fed-batch fermentation used to investigate the effect of temperature on ethanol production. The concentration of ethanol at a temperature of 40 0 C, lower than the temperature of 35 0 C and 30 0 C temperature. This is because at high temperatures will decrease the activity of the cell. However, Kluyveromyces marxianus was able to produce ethanol concentration is 5.4678 g/l, but the value is not as good at a temperature of 30 0 C. The decline in ethanol production significantly occured at 40 0 C due to the reduction of the activity or inactivity of enzymes including ethanol production [13] . So the ethanol that must be excretion by cell, retained in the cell [14] . 
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The best ethanol concentration for this research is at a temperature of 30 0 C. Because according to Lin, ideal temperature for fermentation is generally in the range of 20-35 0 C and at higher temperatures almost all fermentation would be problematic [14] . Parameters of fed-batch fermentation on each temperature are presented in Table 1 . Research conducted by Lukondeh et al. [9] , and Ozmihci and Kargi [15] shown in Table 1 . The biomass yield, obtained in the study Lukondeh et al. [9] , with a temperature of 37 0 C was 0.37 g biomass/g substrate. Whereasethanolandbiomassyieldsreported ina study conducted by Ozmihci and Kargi [15] at a temperature of 26 o C was 0.16 g biomass/ g substrate and 0.54 g ethanol/ g substrate. In the study conducted by Ozmihci and Kargi [15] , the ethanol yield greater than this study. It is due to the different types of microorganisms that are used, the operating conditions and nutrient use between this research with the research conducted by Lukondeh et al. [9] ; Ozmihci and Kargi [15] .
Conclusion
Variations in temperature (30 0 C, 35 0 C, and 40 0 C) were used to determine the optimum conditions for the fermentation of whey using fed-batch system by looking at biomass and ethanol concentration. Temperature of 30 0 C showed the best results in fermentation with value growth rate, biomass and ethanol concentration of 0.186/h, 13.4 g/l, and 7.9626 g/l.
